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. The whole coat moulted in the spring and all the hairs of the outer coat, i.e. the primary fibres, formed brush ends, but the maximum proportion of under-wool fibres (the secondaries) to form brushes was 40%. I thought that this might indicate a tendency for continuous growth of the under-wool, but few animals were available for study and I am now using another animal. The outer-coat hairs (the primary follicles), unlike the secondaries, formed brush ends some time before shedding, in fact in autumn for the spring shedding. Some outer-coat hairs are shed again at the end of summer, but the underwool continues to grow through the autumn and winter until by the time of the spring moult this is as long as the outer-hair. Thus the coat becomes more woolly during winter by the wool growing longer and not denser, as is often stated.
At the other extreme, while in Australia I investigated the Merino breed, which is said to grow wool continuously (Ryder 1964) . Monthly skin samples were taken from some sheep for thirty-one months during which they missed shearing three times, while controls were shorn annually. The incidence of shedding in all animals was low, less than 1 %, and unshorn sheep did not shed more than the controls. Each sheep had several consecutive months with no shedding at all, but there seemed to be a tendency for this almost negligible shedding to occur in spring. Assuming that shedding is completed within a month, an incidence of 1 % would mean that one hundred months .must elapse before a follicle will shed again. The growth cycle of individual follicles in the Merino thus appears to be about eight years in length, and it may well be that some follicles never shed during the life of the sheep. In applying the same sort of calculation to man, variation in the length of the resting stage is likely to cause big differences in the result.
Seasonal Variation
Domestic sheep that have a reduced tendency to moult still show seasonal variation in wool production (Ryder 1965 ) For reasons described earlier the reduced wool growth in winter cannot be explained entirely by poor nutrition. In fact, it has been found that no matter how well sheep are fed in winter, they will not grow more wool than sheep that are starved in summer. Although seasonal variation in temperature acting through blood flow to the skin may contribute to this seasonal rhythm of wool growth, there is considerable evidence that the overwhelming factor is the length of daylight. Daylight changes are thought to act through the eyes by setting up impulses from the brain that cause the anterior pituitary gland to produce the thyrotrophic hormone that stimulates the thyroid to produce thyroxine. Hormones of the adrenal cortex, although capable of depressing wool growth, probably play no part in this seasonal rhythm. The finding that thyroxine would stimulate wool growth has led to attempts to increase wool production by the administration of thyroxine. But food consumption was increased more than wool growth and the efficiency of wool production actually decreased. (1965) In the sheep we have the opportunity to examine experimentally two contrasting patterns of skin follicle activity. The hair follicles resemble those of most other mammals in having a relatively short growing phase and a long resting phase; they produce short, coarse fibres and are most abundant on the body extremities. The wool follicles differ in having a long phase of activity and a relatively short resting phase; they produce long fine fibres and populate the skin of the main body region. We have studied the effect of interchanging full thickness grafts of wool-bearing skin from the mid-side with grafts of skin from the nose, ear, axilla and britch in a group of 5 crossbred and Kerry Hill sheep.
The grafts were successful and grew new fibre populations after a period of healing in which a 'ghost-graft' of dead tissue and wool fibres was rejected. The new fibres were essentially those characteristic of the donor sites: side skin continued to grow long woolly fibres after transplantation to the nose (Fig 1) , ear, axilla and britch, and extremity skin grew mainly short coarse hairs after transplantation to the side. This survival of the growth cycle typical of the donor skin, and apparent autonomyor site specificityof the grafted follicles, agrees with results from other species, including man (Lillie & Wang 1941 , Ebling & Johnson 1959 , Orentreich-1959 .
Section ofComparative Medicine
Visual examination of fibres from side skin grafts on the extremities (wool-to-hair grafts) suggested an increased medullation and coarseness. This included two effects which were probably due to trauma (Rudall 1934 , Slen 1958 : there was a transient medullation confined to the tips of some fibres, and a more persistent coarse medullation in fibres growing at the graft margins. The more general and persistent coarseness of the fibres from these grafts was not evident in control grafts of side skin and cannot be explained on the basis of the present data. Weight per unit length of fibre was recorded on subsamples of about 150 degreased fibres from grafts and untreated skin on one crossbred sheep, using a BBRA Vibrascope (Butler 1958) , and estimates of mean growth rates were derived from length measurements by making a correction for the time which had elapsed between grafting and the regrowth of fibres on each individual graft. These results are summarized in Table 1 . The figures in Table 1 confirm the visual impression of an increase in coarseness in the fibres on wool-to-hair grafts, which is not merely due to increased medullation, and which is not present in the samples from the control grafts. Apart from the high value for the britch/side graft, the figures suggest that here we are not dealing with a traumatic effect. There is no evidence of any increase in the length growth rate of the fibres from the grafts.
Histological examination of untreated skin from the various donor sites emphasized the contrast between follicle populations on the main fleece area and those on extremity regions, where the ratio of secondary to primary follicles (Wildman & Carter 1939) is lower, and the distinction between fibre diameters in primary and secondary follicles is much greater. Biopsy samples of grafted skin showed that survival of the follicles had been good, but primary follicle appendages (sweat glands and arrector muscles) had often been lost; in addition the characteristic grouping of the follicles had usually been obscured.
This experiment demonstrates that marked changes in wool fibre morphology may follow transplantation of the skin between different body sites. To establish that these changes are distinct from traumatic effects requires further work with a greater number of sheep and a more extensive programme of fibre measurement than could be attempted here. However, it is pointed out that the increase of 70-90% in fibre denier brought about by moving skin from the side to an extremity site is of about the same order as the difference in blood flow through the two types of skin, according to a recent assessment (Setchell & Waites 1965) .
(Addenbrooke's Hospital, Cambridge)
There is surely no aspect of mammalian physiology in which the comparative approach is so obviously indispensable as in the complex problems of regulation of hair growth and replacement. In any species considered in isolation the intricate regulatory processes revealed by experimental investigations appear at first incapable of rational explanation. However, when species are compared and the evolutionary significance of observed differences is considered a logical pattern begins to emerge. Unfortunately detailed experimental studies have been more or less confined to the laboratory rodents and the sheep, and there is little reliable knowledge of the hair cycles even in other domestic animals and there are large gaps in our knowledge of -that domesticated primate, man himself.
The regulation of hair growth and its abnormalities can be understood only if we classify hairs in three groups on the basis of their functions. Group 1, general haircoat: General body hair is primarily protective, providing thermal insulation and sometimes camouflage. In temperate climates the shedding and replacement of such hair must clearly be related to changes in the environmental temperature to ensure a heavier coat in the colder months. Moulting thus becomes regulated by the "In absentia, read by Mr R Mack photoperiod and linked endocrinologically to the similarly regulated reproductive cycles. When, with domestication, the readiness to mate is no longer governed by the season, moulting cycles become dissociated from reproductive cycles, but the endocrine mechanisms controlling moulting still betray their origin. This is strikingly illustrated by many disturbances of the hair cycle in man (Rook 1965) . The brilliant work of Ebling & Johnson (1961) has revealed that although the individual follicle in rodents tends to become autonomous it remains in varying degree subject to systemic regulatory influences. Bosse's recent work (1965) on that very artificial domestic animal the guinea-pig, whose mosaic pattern of hair growth is so similar to man's, is also relevant here. Dr Priestley's and Dr Ryder's papers add to our knowledge of this balance between autonomy and systemic control and they, too, are working with an animal deliberately modified by man. Group 2, sexual hair: Sexual hair is concerned in sexual display, not fully developed in all species, and of decreasing significance in man. The hairs of the beard, chest, pubic and axillary regions in man belong to this group, but the regional distribution pattern shows wide species variation. The growth of sexual hair is closely linked endocrinologically to the processes of somatic growth and sexual maturation. Dr Ferriman has described the normal variations of sexual hair patterns in man to the knowledge of which he has contributed so much. As far as I know no detailed studies have been carried out in any species on the shedding and replacement cycles of sexual hair. We know that in man they differ from the cycles of scalp hair, which is of course a relic of the general hair coat. Group 3, sensory hair: Man does not possess hairs which are primarily sensory in function. They are structurally as well as functionally distinctive and it could be anticipated that the regulation of their growth would differ greatly from that of hairs of the other groups.
